Immune thrombocytopenia (ITP) is a rare disorder characterized by low platelet counts and an increased tendency to bleed. The goal of ITP therapy is to treat or prevent bleeding. Actual rates of bleeding are unknown. Clinical trial data may not reflect real-world bleeding rates because of the inclusion of highly refractory patients and more frequent use of rescue therapy. Methods: We used administrative medical claims data in the US to examine the occurrence of bleeding-related episodes (BREs) -a composite end point including bleeding and/or rescue therapy use -in adults diagnosed with primary ITP (2008)(2009)(2010)(2011)(2012). BRE rates were calculated overall and by ITP phase and splenectomy status. Patients were followed from ITP diagnosis until death, disenrollment from the health plan, or June 30, 2013, whichever came first. Results: We identified 6,651 adults diagnosed with primary ITP over the study period (median age: 53 years; 59% female). During 13,064 patient-years of follow-up, 3,768 patients (57%) experienced ≥1 BRE (1.08 BREs per patient-year; 95% confidence interval: 1.06-1.10). The majority (58%) of BREs consisted of rescue therapy use only. Common bleeding types were gastrointestinal hemorrhage, hematuria, ecchymosis, and epistaxis. Intracranial hemorrhage was reported in 74 patients (1%). Just over 7% of patients underwent splenectomy. Newly diagnosed and splenectomized patients had elevated BRE rates. Conclusion: We provide current real-world estimates of BRE rates in adults with primary ITP. The majority of ITP patients experienced ≥1 BRE, and over half were defined by rescue therapy use alone. This demonstrates the importance of examining both bleeding and rescue therapy use to fully assess disease burden.
Introduction
Immune thrombocytopenia (ITP) is a rare autoimmune disorder characterized by isolated thrombocytopenia leading to an increased risk of clinically significant bleeding. Although published reports of ITP incidence vary, a recent critical review of the literature suggested that the incidence of ITP in adults is between 16 and 39 cases per million per year. 1 This translates into roughly 3,900-9,500 adults being diagnosed with ITP in the US each year.
Low platelet counts, increasing patient age, use of concurrent medications, and male sex are all associated with an increased risk of bleeding in patients with ITP.
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Altomare et al pura to more serious internal bleeding problems such as gastrointestinal or even intracranial hemorrhage. The goal of ITP therapy is to treat or prevent bleeding, and patients with platelet counts >30×10 9 /L usually do not require treatment and can safely be observed. 3 On the other hand, patients determined to be at imminent risk of bleeding or those with active bleeding can be treated with a therapy to quickly, even if temporarily, reduce this risk. This is termed "rescue therapy".
Effective treatment of ITP, and therefore reduction in bleeding risk, has been the objective of several recent randomized clinical trials for newer ITP therapies. [4] [5] [6] [7] Although these trials offer important insights regarding the burden of bleeding in ITP patients, the true background risk of bleeding in this patient population is not well characterized. Rates of bleeding reported in the clinical trial setting may not reflect real-world bleeding rates in ITP for a number of reasons. Importantly, patients participating in trials are a highly selected group of ITP patients, often refractory with extremely low platelet counts, and are perhaps at higher risk of bleeding than the average asymptomatic ITP patient. Additionally, bleeding rates measured in ITP clinical trials are affected by both the assigned treatment and the required use of rescue therapies. Since rescue therapies are employed to rapidly increase platelet counts in patients actively bleeding or at imminent risk of bleeding, ethical considerations demand that these therapies be used in clinical trials perhaps more often than they are utilized in routine clinical practice.
We undertook this study to better understand the rates of bleeding and the extent of rescue therapy use outside the clinical trial setting. We examined the occurrence of bleedingrelated episodes (BREs) -a composite end point encompassing both actual bleeding and the use of rescue therapies -in adult patients with primary ITP using administrative medical claims data in the US.
Methods
Study population
We conducted this retrospective cohort study using two large administrative medical claims databases in the US -the MarketScan ® Commercial Claims and Encounters Database and the MarketScan Medicare Supplemental and Coordination of Benefits Database. The commercial database represents employees and their spouses and dependents covered by employer-sponsored private health insurance, and the Medicare Supplemental database covers individuals with Medicare (primary payer) and supplemental insurance, including both employees aged ≥65 years and retirees with employer-sponsored supplemental coverage. All data analyzed for this study were de-identified and fully compliant with the Health Insurance Portability and Accountability Act (HIPAA) of 1996.
ITP patients
We included adults (≥18 years) with ≥2 outpatient claims separated by ≥30 days (but ≤365 days) or ≥1 inpatient claim carrying a diagnosis code for ITP (Table S1 ) between January 1, 2008, and December 31, 2012. Patients were required to have ≥12 months of continuous coverage before the onset of ITP. Because ITP is a diagnosis made by excluding other related causes, we searched for claims carrying general thrombocytopenia diagnosis codes (Table S1 ) in the 12 months before the first ITP code. For patients who had at least one such claim, the first of these claims was used to define the onset of ITP. For all other patients, the first claim with an ITP code defined the onset of ITP.
In an effort to include only patients with primary ITP, individuals were excluded if they had any claims carrying a diagnosis code for another medical condition known to cause thrombocytopenia (Table S2) in the 12 months before the onset of ITP. Additionally, to minimize the inclusion of prevalent ITP patients, we excluded patients with any general thrombocytopenia codes that extended beyond 12 months prior to the first claim with an ITP code.
Bleeding-related episodes
A BRE was defined as an actual bleeding event and/or use of rescue therapy (intravenous [IV] immunoglobulin administration, IV steroid administration, or platelet transfusion) using a combination of diagnosis and procedure codes (Table S3) . BREs were constructed using the same published algorithm that was developed to retrospectively analyze BREs in clinical trials of ITP patients. 8 ITP phase, splenectomy, and comorbidity ITP was classified into phases based on disease duration as outlined by Rodeghiero et al: 3 newly diagnosed (0 month to <3 months), persistent (3-12 months), and chronic (>12 months). Duration of ITP was estimated as the time between ITP onset and the date of the last claim carrying an ITP diagnosis code during follow-up. Splenectomies were captured based on the presence of any claim carrying a relevant code for splenectomy (Table S4 ). The level of comorbidity was also assessed, using a version of the Charlson Comorbidity Index adapted for use with administrative claims [9] [10] [11] [12] All analyses were performed using SAS ® , Version 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
In a database of ~67 million adults, we identified 6,651 patients who met our claims-based criteria for a diagnosis of ITP during the study period. Over half (57%) experienced at least one BRE during 13,046 patient-years of follow-up. Table 1 summarizes the demographic and clinical characteristics for the overall study cohort and for the subset that experienced a BRE. Among all ITP patients, the median age was 53 years at ITP onset (range: 18-103 years), and 59% were female. During followup, the median duration of ITP was 9 months (range: 0-77 months), and ~40% met the criteria for chronic ITP (duration >12 months). Over 75% had a low level of comorbidity at ITP diagnosis. Characteristics in the subset that experienced a BRE were similar except that the median duration of ITP during follow-up was longer (11 months), and ~46% met the criteria for chronic ITP.
Rates of BREs among the entire ITP patient cohort
A total of 14,115 BREs occurred during 13,046 patient-years, resulting in a rate of 1.08 BREs per patient-year in the ITP patient cohort (95% CI: 1.06-1.10; Table 2 ). The majority (58%) of BREs were defined solely by the use of rescue therapies, and the remaining 41% and 2% contained only bleeding events or use of both rescue therapies and bleeding events, respectively ( Figure 1 ). The rate of BREs with only rescue therapy use was 0.62 per patient-year (95% CI: 0.61-0.64), and the rate of BREs with only bleeding events was 0.44 per patient-year (95% CI: 0.43-0.45; Table 2 ). IV steroid treatment was the most frequently administered rescue therapy (0.51/patient-year [95% CI: 0.50-0.52]). The most common types of bleeding events (ie, events occurring in ≥5% of patients) were gastrointestinal hemorrhage, hematuria, spontaneous ecchymosis, and epistaxis (Table 3) . A total of 126 intracranial hemorrhagic events were reported in 74 patients (1% of the cohort) corresponding to a rate of <0.01 per patient-year (95% CI: 0.008-0.011). Table 2 ). The proportion of BREs with only bleeding events was also highest in the newly diagnosed ITP phase ( Figure 1 ). In newly diagnosed ITP patients, 48% of BREs contained only bleeding and 49% of BREs contained only use of rescue therapies. In both persistent and chronic ITP phases, 37% of BREs were defined by bleeding alone and 61% and 62% contained only rescue therapy use.
Rates of BREs by ITP duration
Rates of BREs by splenectomy status
Among the ITP patient cohort, 492 patients (7%) underwent splenectomy during follow-up. In these patients, the rate of BREs was 1.17 per patient-year (95% CI: 1.09-1.24), which was slightly higher than that observed in nonsplenectomized patients (1.08 per patient-year [95% CI: 1.06-1.09]; Table 2 ). Compared with nonsplenectomized patients, a higher proportion of BREs in splenectomized patients was defined by use of rescue therapy alone (64% versus 57%; Figure 1 ).
Discussion
We identified 6,651 patients diagnosed with primary ITP during a 5-year period from an administrative medical claims database of roughly 67 million adults. Although our study was not designed to measure the incidence of ITP, this corresponds to ~20 cases of ITP per million persons per year in the US, which is in the range of previously reported estimates. 1 Consistent with the phenotype of a typical ITP patient, 13 our cohort of ITP patients was ~60% female, the median age at diagnosis was 53 years, and there was a low comorbid burden. Additionally, just under a quarter of our study cohort did not go beyond the newly diagnosed phase of ITP during follow-up, over one-third reached the persistent phase, and ~40% reached the chronic phase. Our classification of patients into these phases must be interpreted with caution given its reliance on a claims-based definition of ITP duration and length of follow-up, but our study could lend insight into the natural history of ITP. The rate of sponta- 0% N e w ly d ia g n o s e d I T P P e r s is t e n t I T P C h r o n ic neous remissions in ITP is a topic of great debate and not known with certainty. According to one recent review, spontaneous remissions occur in 5-11% of patients, 13 a slightly lower estimate than our data set reflects. Other reports cite remission rates of ~30%.
14,15 Lastly, only 7% of the ITP patients in this cohort underwent splenectomy at some point during the 5.5-year follow-up. Given that 40% reached the chronic phase of the disease, and assuming splenectomy was only undertaken for patients in this phase, our data suggest that approximately one of five US patients with chronic ITP undergoes splenectomy in current clinical practice.
Our study is unique in that our ITP patient population is not limited to patients with the lowest platelet counts and/ or the most advanced disease. Instead, our study cohort reflects all-comers and therefore potentially offers valuable information regarding the real-world burden of this disease. 
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Altomare et al ITP patients in our cohort experienced ~14,000 BREs over 13,000 patient-years of follow-up, reflecting a rate of just over one BRE per patient per year. Importantly, the majority of patients experienced at least one BRE, and over half of all BREs were defined by rescue therapy use alone.
Previous reports on bleeding in ITP patients primarily stem from clinical trials of ITP therapies that provide rates of first-time, on-study actual bleeding events in highly selected patient populations. 5, 7, 8, [16] [17] [18] [19] [20] Examples from recent studies are summarized in Table 4 , including descriptions of the ITP patients included and the definition of bleeding employed. To our knowledge, only one other study reported on rates of the measure we utilized in our study -the BRE composite end point. Stasi et al 8 conducted a post hoc analysis of data from a randomized, 52-week, open-label study evaluating the efficacy and tolerability of romiplostim versus standard of care in patients with ITP. 7 Patients receiving standard of care had a rate of 9.4 BREs per 100 patient-weeks, translating into ~4.9 BREs per patient per year, and over half of the BREs involved rescue with IV immunoglobulin. 8 We observed a markedly lower rate of BREs, but the observation that roughly half of the BREs involved rescue therapy is consistent with our findings. Importantly, subjects in the trial were nonsplenectomized and were required to have a history of at least one prior ITP therapy and a platelet count of <50×10 9 /L at baseline. Other recent clinical trials of ITP therapies have also provided data on bleeding of various degrees of severity in ITP patients who have had the disease for a relatively long duration (especially if they were postsplenectomy), were refractory to previous treatments, and/or had a platelet count below a certain threshold (Table 4) . 5, [16] [17] [18] Because our study followed all newly diagnosed patients, regardless of initial platelet count or other disease and patient characteristics, for a maximum of 5.5 years, patients with highly refractory and/or long-standing chronic ITP were, for the most part, excluded. Therefore, it is not surprising that we generally observed lower rates of BREs and bleeding events in our cohort of ITP patients compared with those previously recorded in the clinical trial setting.
There is a paucity of data on the risk of bleeding in ITP patients outside of clinical trial populations (Table 4) . 19, 20 In a Danish population-based cohort study of 507 adults with a hospital-based diagnosis of ITP for ≥6 months, Nørgaard et al 19 reported a 5-year cumulative incidence of 1.4% (95% CI: 0.5-3.9) for hospitalized intracranial hemorrhage and 3.6% (95% CI: 2.1-5.8) for all other hospitalized bleeding episodes, treating death as a competing event. More recently, Palandri et al 20 conducted a study of 557 consecutive patients of all ages diagnosed with ITP and followed up for a median of 6.9 years at a single institution in Italy. During follow-up, 63 grade ≥2 hemorrhages occurred in 48 patients, translating roughly into a rate of 0.02 grade ≥2 hemorrhages per patient per year. In our larger US study of 6,651 ITP patients followed up for an average of 2 years, we observed 5,975 BREs that were not defined by rescue therapy use alone (ie, involved bleeding only or bleeding plus rescue therapy use), which suggests a slightly higher bleeding rate (~0.4 bleeding episodes per patient per year) than previous observational studies. This likely reflects differences in study setting (geographical and setting of ITP care), duration of follow-up after ITP diagnosis, method of ITP patient identification, bleeding definitions, or other important aspects of study design (eg, inclusion/ exclusion of prevalent ITP patients at the start of follow-up).
In our study, patients were at highest risk for BREs during the first 3 months after ITP onset; the rate of BREs in this newly diagnosed phase was ~2.5 times higher than the rate in the persistent phase and 3.5 times higher than the rate in the chronic phase. BRE rates were lowest in patients with chronic ITP, where a higher proportion of patients experienced use of rescue therapy as opposed to actual bleeding. The reason why fewer events were observed in chronic ITP patients could not be determined from our analysis; perhaps it represents an inherent lessening of bleeding risk in all-comers with the chronic phase of the disease but more likely reflects response to appropriate therapy and preventative measures. It is also at least partly a result of the fact that patients who have acute ITP often present with bleeding-related symptoms at initial diagnosis, particularly for those captured in a claims research setting.
We also found that rates of BREs were higher in splenectomized versus nonsplenectomized patients in our cohort of ITP patients, but estimates were less precise in the splenectomized group because of the relatively small sample size (only 7% of patients underwent splenectomy during followup). However, our findings are consistent with previous research that has demonstrated a risk of major postoperative bleeding in splenectomized patients. 21 Given that patients in our study were only followed up for an average of 2 years, we were unable to observe any longer term risk of BREs postsplenectomy.
The most common types of bleeding observed in our cohort of ITP patients, listed in Table 3 , are as expected. Other, more rarely reported types of bleeding not listed included menorrhagia, hemoptysis, and postmenopausal bleeding. By nature of this being a claims analysis, in order for us to identify a bleeding event, it must have been properly recorded 
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Altomare et al as bleeding according to the International Classification of Diseases (9th Revision) (ICD-9) during the patient encounter. Therefore, minor bleeding (such as petechiae or oral mucosal bleeding) and perhaps even more significant bleeding may be underreported in our data. Our methodology most likely allows for a conservative estimate for the overall rate of bleeding and tends to identify the most severe and therefore clinically relevant bleeding events with reasonable accuracy.
There are some limitations that should be kept in mind when interpreting these results, many of which are inherent to observational studies using claims data. Identification of ITP patients and BREs relied on ICD-9 diagnosis codes from an administrative medical claims database and not on actual clinical data. To our knowledge, there have been no validation studies on the specific code for primary ITP (287.31), which was introduced in 2005. However, prior to this, a study was conducted to assess the performance of the code 287.3 (the more general code for primary thrombocytopenia, which includes ITP) for accurately identifying patients with ITP using medical records as the gold standard, and it performed well. 22 For example, among inpatients, the sensitivity of the code for indicating a diagnosis of ITP was 100% (95% CI: 94-100) and the specificity was 89% (95% CI: 84-94). We expect that the performance of the more specific code for ITP would be similar to or better than the more general code, since the other non-ITP forms of primary thrombocytopenia now have separate codes as well. Regarding identification of BREs, inpatient data in particular can be extremely limited because coding practices in this setting do not require a detailed accounting of services provided. It is likely that we undercounted the use of therapies and transfusions received in this setting. However, since these services take place during the hospitalization itself, we were unlikely to miss the episode. It is also possible that some BREs we classified as "rescue therapy use only" involved actual bleeding as well, which could explain the relatively high proportion of BREs that were identified only through rescue therapy use. Importantly, this would not have caused us to miss the episode itself and therefore would not have influenced our estimates of the overall rates of BRE.
Another major limitation is that oral steroid use and steroid dose changes were excluded in our definition of a BRE. This may have led to an underestimation of BRE rates but was done in part because of data limitations and in part to purposefully minimize the inclusion of false-positive events. There is significant variation in the purpose of oral steroids or dose changes in ITP patients (treatment of an adverse event, planned dose adjustments for preventing bleeding, confirmation of an ITP diagnosis, or to induce remission).
More generally, outside of the BRE definition, we did not describe use of ITP medications (eg, oral corticosteroids, azathioprine, rituximab, thrombopoietin-receptor agonists) in this patient population. We also lacked data on platelet counts, which precluded us from using platelet counts as a marker of disease severity and/or response to treatments received and correlating platelet counts to the BREs in ITP patients overall and by phase of ITP. Importantly, the goal of this study was to measure real-world rates of BREs and not to tie the occurrence of a BRE to severity of disease, response (or lack of response) to a specific therapy, or relapse after a response to a particular treatment based on predefined platelet count thresholds. Future research could stratify BRE rates on receipt of the ITP medications most frequently used in the first-and second-line settings and more formally explore the real-world effectiveness of these medications in raising platelet counts and thus lowering the risk of bleeding or need for rescue therapy.
A primary strength of our study is that the MarketScan databases represent a powerful source of data in terms of its representation of the entire US. According to the Henry J Kaiser Family Foundation, in 2014, roughly 49% of the US population had employer-sponsored insurance and ~13% had Medicare. 23 Among those with Medicare, employersponsored plans provide supplemental coverage to about 4 in 10 beneficiaries. 24 This means that findings from these two databases can be generalized to roughly 154 million Americans who have insurance through their employers and roughly 17 million Medicare beneficiaries who have employer-sponsored supplemental insurance (of the total 42 million of Medicare beneficiaries in the US).
Conclusion
Despite any limitations, our study provides valuable clinical data on ITP patients. This information cannot be generated by clinical trials and is absent from the existing published literature. Though our primary objective was to analyze realworld rates of bleeding and use of rescue therapy among adults with ITP, our analysis yielded additional important information. We offer insight into the incidence of ITP in the US, the proportion of patients meeting the criteria for each phase of ITP (newly diagnosed, persistent, and chronic), the current use of splenectomy in the modern era of anti-CD20 monoclonal antibodies and thrombopoietin mimetics, and the occurrence of rarer but serious types of bleeding such as intracranial hemorrhage. In our study, the majority of ITP patients experienced at least one BRE, and over half of all BREs were defined by rescue therapy use alone. This demonstrates the importance of examining both bleeding and rescue therapy use Clinical Epidemiology is an international, peer-reviewed, open access, online journal focusing on disease and drug epidemiology, identification of risk factors and screening procedures to develop optimal preventative initiatives and programs. Specific topics include: diagnosis, prognosis, treatment, screening, prevention, risk factor modification, systematic reviews, risk and safety of medical interventions, epidemiology and biostatistical methods, and evaluation of guidelines, translational medicine, health policies and economic evaluations. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
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Bleeding-related episodes in ITP patients to fully assess disease burden and ultimately help determine the relative success of different ITP therapies.
